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Typical airframe structures, fuselage frames, wing leading edge, bleed
air ducts, tail cone, shear panels and compression panels of Ti-4AI-3Mo-1V
and Ti-13V-llCr-3A1 were subjected to test loads in increasing increments of
100 degrees from room temperature to maximum temperatures of 800 F and
900 F, depending on the part. Riveted and resistance welded construction was
evaluated in the fuselage frame and wing leading edge. Other components were
either fusion welded, resistance welded, viveted or brized. Components were
subjected to static and repeated loadings with the exo~ption of compression
panels which had axial and side loads supplied. All components satisfactorily
withstood static test loads. Under repeated load test, the resistance welded
fuselage frame and wing leading edge, although adequate, did not perform as
well as the riveted versions. Repeated load tests of resistance welded shear
panels showed marginal results. -Other components performed satisfactorily
under repeated load conditions. T-! 5)

Tests of spotwelded construction in the fuselage frame and wing leading
edge demonstrated the need of large margins in spotweld strengths at ends of
members joined by spotwelding. Although Ti-4A1-3Mo-IV is not an optimum
weldable alloy, the spotwelded assemblies of these components were considered
adequate from repeated load tests at elevated temperature even though they did
not perform as well as riveted construction. For example, the riveted fuselage
frame withstood approximately 200% more repeated loads than the one of spot-
welded construction.

Air ducts in fusion welded, seam welded and riveted and brazed con-
figurations satisfactorily withstood static and repeated test load requirements.
The seam welded construction sustained the highest pressure in the burst tests.

All resistance welded shear panels sustained design static test loads.
The repeated load tests indicate that much more data is needed. The tests were
not conclusive and fell short of expectations. Notch factors due to spotwelding
need further investigation.

Three types of compression panels in Ti-4A1-3Mo-1V and three types of
compression panels in Ti-13V-llCr-3A1 withstood combined compression load
and side load from pressure in excess of design loads. Panels in Ti-13V-llCr-
3A1 exhibited a brittle type of failure - probably due to low elongation in the
material.
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NOTICES

When Government drawings, specifications, or othe'r data are used for any pur-
pose other than in connection with a definitely related Government procurement
operation, the United States Government thereby incurs no responsibility nor
any obligation whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications, or other
data, is not to be regarded by implication or otherwise as in any manner licens-
ing the holder or any other person or corporation, or conveying any rights or
permission to manufacture, use, or sell any patented invention that may in any
way be related thereto.

Qualified requesters may obtain copies of this report from ASTIA, Document
Service Center, Arlington Hall Station, Arlington 12, Virginia

Copies of ASD Technical Reports should not be returned to the Aeronautical
Systems Division unless return is required by security considerations, contrac-
tural obligations, or notice on a specific document.
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This is the fifth of five volumes comprising the Final Technical
Engineering Report covering the work performed under Contract AF 33(600)34876.
This work was conducted by General Dynamics/Convair, A Division of General
Dynamics during the period, December 1957 to May 1961. This volume describes
the structural testing and evaluation of the test assemblies made from the
selected alloys of titanium. The manuscript was released 31 May 1961 for
publication as an ASD Technical Report.

This contract was initiated under ASC Manufacturing Methods Project 7-576

"Titanium Development Program." It was administered under the direction of

Mr. R. T. Jameson, ASRCTF, project engineer, Fabrication Branch of the
Manufacturing Technology Laboratory (ASRCT), Aeronautical Systems Division,
Wright-Patterson Air Force Base, Ohio.

Program work was conducted by the Applied Manufacturing Research, Operating
Controls and M*ethods Department under the direction of A. P. Langlois, the project
director, with the assistance of the Engineering Department. S. R. Carpenter was
the engineering coordinator for the program; J. F. Murphy was the Applied
Manufacturing Research project leader. Others who have contributed heavily to
this program are C. W. Alesch, G. D. Lindeneau, D. H. Love, J. K. Neary,
H. A. Buehler, G. F. Foelsch, E. D. Green, and R. D. Woodward.

The primary objective of the Air Force Manufacturing Methods Program is
to increase producibility and improve the quality and efficiency of fabrication
of aircraft, missiles and components thereof. This report is disseminated in
order that methods and equipment developed may be made available throughout
industry, thereby reducing costs or increasing capabilities, resulting in
"More Air Force Per Dollar."

Your comments are solicited on the potential use of the informatio,
contained in this report as it applies to your present or future production
programs. Suggestions concerning additional manufacturing methods development
required on this or other subjects will be appreciated.

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER:

CHARLES F. H. BEG6/
Colonel, USAF
Chief, Manufacturing Technology

Laboratory
Directorate of Materials & Processes
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Volume V - Structural Evaluations of Titanium Alloy Assemblies

A. FUSELAGE CANTED BULKHEAD - STATIC AND FATIGUE TESTS

I. INTRODUCTION

This report was prepared in order to present the results of the static

and fatigue tests of the spotwelded and riveted bulkheads. These specimens
were manufactured according to the procedures developed during previous
phases of the Titanium Development Project.

Deflection, permanent set, and strain data are presented for the room-
temperature static tests. Deflection and permanent set data are presented
for the elevated-temperature static tests.

The objectives were to compare the characteristics of the spotwelded
and riveted bulkheads.
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Volume V - Structural Evaluations of Titanium Alloy Assemblies

A. FUSELAGE CANTED BULKHEAD - STATIC AND FATIGUE TESTS

II. SUMMARY

Two bulkhead specimens, one riveted and one spotwelded, were tested.

Each specimen was static tested to 128% design ultimate load at 800 F and

then fatigue tested to failure.

The spotwelded assembly failed after 37,200 cycles of 44.5% design

ultimate skin shear load at 800 F. The riveted assembly sustained 92,629

cycles of 44.5% design ultimate load, plus 5, 000 cycles of 53.2% design

ultimate, and failed after 33, 000 cycles of 66.6% design ultimate load.

The riveted specimen was overheated and repaired in one area after 12, 003

cycles at 800 F.
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Volume V - Structural Evaluations of Titanium Alloy Assemblies

A. FUSELAGE CANTED BULKHEAD - STATIC AND FATIGUE TESTS

III. DESCRIPTION OF TEST SPECIMENS AND METHOD OF TESTING

1. Test Specimens:

Two canted bulkhead specimens were manufactuared from 4A1-3Mo-IV
titanium alloy at Convair-San Diego. One specimen was a spotwelded as-

sembly, as shown in Figure A-1 (page 7) and the other riveted, as shown

in Figure A-2 (page 9). Photographs before and after assembly are shown

in Figures A-3 through A-6 (pages 11 through 14).

The first skin on the riveted bulkhead exhibited delayed cracking around

the holes drilled for attachment of the shear load fixtures. There were

approximately 72 hours between the drilling operation and observance of

the cracks. Crack photographs are shown in Figures A-7, A-8, and
A-9 (pages 15, 16 and 17).

It is believed that excessive hydrogen content and drill heat may have

contributed to the cracking. Hydrogen analysis was made on this skin and

found to have approximately 350 PPM hydrogen content. A comparison of

the skins is shown in Table A-1 (page 18).

The skin was replaced prior to test.

2. Test Procedure:

The test specimens were tested in the special quartz lamp oven shown

in Figures A-10 through A-14 (pages 19 through 23). The specimen tem-
peratures were controlled by thermocouples attached to the bulkhead web.

The thermocouple signal was fed into the Research, Inc. heat programmer,
Figure A-15 (page 24 ), and matched with a calibrated signal from the

function generator drum, Figure A-16 (page 25 ). The programmer for-
warded a power demand signal to the ignitrons, Figure A-17 (page 26),
which in turn controlled the power to the oven.
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(

Figure A-1 - FUSELAGE CANTED BULKHEAD; Spot Welded Assembly -
Engineering Drawing 29-01004, Sheet 1 of 2
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Figure A-2 - FUSELAGE CANTED BULKHEAD; Riveted Assembly -
Engineering Drawing 29-01004, Sheet 2 of 2
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Convair Print 57906

Figure A-li - FUSELAGE CANTED BULKHEAD; Static and Fatigue Test
Set Up Showing the Specimen in Position in the Oven.
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Convair Print 57907

Figure A-12 - FUSELAGE CANTED BULKHEAD; Static and Fatigue Test

Set Up Showing the Specimen in Position in the Oven.
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111. 2. Test Procedure: (Cont'd)

The specimen was reinforced at the fixed end with suitable doublers
and angles, Figure A-18 (page 28 ), in order to assure sufficient strength
at the specimen-fixture attachment point. The flanges were laterally
supportea at three points.

The specimen was loaded through fixtures attached to the skin to pro-
vide a skin shear load at each load point. Each load point was integrated
into a whippletree and lever system in order that all loads could be applied
with one hydraulic cylinder, Figure A-12 (page 21 ). The schematic dia-
gram for design ultimate load is shown in Figure A-19 (page 29 ). The
design ultimate reaction load parallel to Buttock Line 00. 0 is shown as
1432 pounds. This reaction load on this line was measured during the static
tests.

Eight strain gages (for room temperature static tests), eight calibrated
dial indicators (for all static tests), and fifteen thermocouples were
installed on the specimen. The locations of the strain gages and thermo-
couples are shown in Figures A-i and A-2 (pages 7 and 9 ), and the deflec-
tion points are shown in Figure A-20 (page 30)

The following test schedule was performed in the order shown on both
the spotwelded and riveted bulkheads:

a. Static Tests -

Room Temperature to 80%f design ultimate

200 F to 66.6% design ultimate or design limit

300 F to 66. 6% design ultimateI

4 00 F to 6 6. 6% de sign ultim ate

5 00 F to 66. 6% design ultimate

600 F to 66.6% design ultimate

700 F to 66.6% design ultimate

800 F to 66.6% design ultimate

900 F to 66. 6% design ultimate

800 F to 128% design ultimate

Note: Strain data were taken at load increments in the room temperature
tests. Deflection data were taken at load increments in all static
tests.
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Converted Sta. 67238

Canted Fuselage Bulkhiead

NET LOAD 11B31 14

78 1#

??PlY REACTIONS

43, 800 In. #
1704#

52. 63.5

1432W

1444

I 'J ~- ____ 0
6__

29. 9

Point 111 (1432WI) Free to Rotate About 11P1

Figure A-19. SCHEMATIC DIAGRAM FOR DESIGN ULTIMATE TEST LOAD
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MI. 2. Test Procedure: (Cont'd)

b. Fatigue Tests -

Room Temperature - 2,500 cycles - 44.5% design ultimate

200 F - 2,500 cycles - 44.5% design ultimate

400 F - 2,500 cycles - 44.5% design ultimate

600 F - 2,500 cycles - 44. 5% design ultimate

800 F - 40, 000 cycles - 44. 5% design ultimate

c. Additional Fatigue Tests - Riveted Bulkhead Only -

800 F - 52, 000 cycles - 44. 5% design ultimate

800 F - 5,000 cycles - 53.4% design ultimate

800 F -33,000 cycles 66.6% design ultimate

Fatigue tests were conducted at a rate of 40 load cycles per minute.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Assemblies

A. FUSELAGE CANTED BULKHEAD - STATIC AND FATIGUE TESTS

IV. TEST RESULTS

The deflection and permanent set results are plotted in Figures A-21
through A-60 (pages 34 through 73). Figures A-61 through A-63 (pages 74

through 76), Spotwelded Bulkhead, and Figures A-64 through A-66 (pages 77
through 79), Riveted Bulkhead, show comparative deflection curves at
various temperatures. Figures A-67 through A-72 (pages 80 through 85)
show ;, comparison of the two bulkhead specimens at the indicated temperaturen.

Room temperature strain gage data are plotted vs load in Figure A-73
(page 86 ), Riv6ted Bulkhead. Figures A-74 through A-76 (pages 87 through
89 ) show the reaction load parallel to buttock line 00. 0 for bo 1h !rk.cimens.

A b: ief summary of the spotwelded bulkhead test results -s given in

Tables A-2 and A-3 (pages 90 and 91 ), and of :3.G riveted bulkhead tests,
in Tables A-4 and A-5 (pages 92 and 93 ).

Specimen failure photographs are shown in Figures A-77 through A-83
(pages 94 through 100 ), Spotwelded, and Figures A-84 through A-92
(pages 101 through 109), Riveted.

A comparison of the deflection characteristics of the two assemblies at
various temp#,ratures showed them to be very similar at all load levels. It
was also noted that the deflection of each specimen was similar at all
temperatures up to 800 F. A change in structural stiffness was noted at
900 F and 800 F after 900 F.

The indicated stresses at room temperature were relatively low. This,
combined with the low restraining bar load, shows the assembly, including
the fixed end, was more rigid than anticipated. The specimen did not fail
at 128% design ultimate, but had some slight permanent web buckles. The
deflection curves showed the specimens were approaching yield strength at

100% design ultimate. The spotwelded specimen had one crack in the spot-

weld after the static tests.

The riveted bulkhead had a better fatigue life than the spotwelded

assembly.
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TEST NO. 1 - SPOT WELDED BULKHEAD ASSEMBLY

100

90

80-

t4 70 L _ _ _ -

0
66 - _ _ _

S60 --

o 50__ _ _ _ _

H MAX. SET
Z 40,

CO *POINT W4 0.001
(4*POINT #5 0. 006
laO0POINT #6 0.0125

30 V POINT V7 0. 034
APOINT #8 0. 006

20 1__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SEE FIGURE A-20 FOR
DEFLECTION POINTS
AND DIRECTION.

10 _ _ _ _ _ _ _ _ _ _ _ _ _ _

0.025.050. 075. 0. 1 0.2 0.3 0.4

DEFLECTION IN INCHES

Figure A-22. DEFLECTION AND PERMANENT SET AT ROOM
TEMPERATURE; Static Load Test
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TEST NO. 2(a) - SPOT WELDED BULKHEAD ASSEMBLY

100

90

80

Q
70

66

60 -<

H

z 50.•

S0MAX. SET

U POINT #4 0.001
*POINT #5 0.010

L POINT #6 0.0205
30 , YPOINT#7 -0.051

APOINT #8 0.0065

20 ..... I _ I _ _ _

SEE FIGURE A-20 FOR
DEFLECTION POINTS
AND DIRECTION

0 0.25.050.075 0.1 0.2 0.3 0,4

DEFLECTION IN INCHES

Figure A-24. DEFLECTION AND PERMANENT SET AT 200 F;
Static Load Test
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TEST NO. 2(b) - SPOT WELDED BULKHEAD ASSEMBLY

100

90

80-

<70
0

66 A - -, _

S60 - _ _ _

z
(~50C2:

Z 40 MAX. SET
U /POINT #4 0. 001

*POINT #5 0. 000
K POINT #6 0.004

30- VPOINT #7 0. 004
APOINT #8 0. 001

20- ___ _____ ___I I_________________
SEE FIGURE A-20 FOR
DEFLECTION POINTS
AND DIRECTION.

10.

0 .025 . 050 .075 0. 1 0.2 0.3 0.4

DEFLECTION IN INCHES

Figure A-26. DEFLECTION AND PERMANENT SET AT 300 F;
Static Test Load
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TEST No. 2 (c) SPOT WELDED BULKHEAD ASSEMBLY

10011

90i1

80 _ _ _ _ _ _

< 70
0

66
w

S 60 low_ _ __ _

z
c,50

Z 401 mfp 0IFMXSE

* POINT #5 0. 001
'0POINT #6 0.010

301 /VPOIT#7 0.025
APOINT #8 0.004

20 , ___ __ I _T E A 0
SEE FIGURE run FO

DEFLECTION POINTS

10 AND DIRECTION.

0 .025. 050. 075 0. 1 0.2 0.3 0.4

DEFLECTION IN INCHES

Figure A-28 DEFLECTION AND PERMANENT SET AT 400 F;
Static Load Test
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TEST NO. 2(d)-SPOT WELDED BULKHEAD ASSEMBLY

100

90

80

o70 --- __
0

6C

0 50

Z MAX SET
U POINT #4 0.003"

/ POINT #5 0.0015i
P4 POINT #6 0. 012-

30' - POINT #7 0. 029"
0 /A POINT #8 0. 006"

SEE FIGURE A-20 FOR
DEFLECTION POINTS
AND DIRECTION.

10"

0 .025.025. 075 0. 1 0.2 0.3 0.4

DEFLECTION IN INCHES

Figure A-30 DEFLECTION AND PERMANENT SET AT 500 F;
Static Load Test
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TEST NO. 2(e) - SPOT WELDED BULKHEAD ASSEMBLY

80

80

00

U *DEFLECTION.POINTS

0~~ POINT_ #6___ 0.0055_

0 .0505.7 0OI #7 0 0.300

DEFLECTION NOINCS

Figure A-32 DEFLECTION AND PERMANENT SET AT 600 F Static Load Test
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TEST NO. 2(f) SPOT WELDED BULKHEAD ASSEMBLY

100

90

80

0

o50

" 2 P O IN T # 4 0 . 0 0 1 "
* POINT #5 0.0005"

P <C> POINT #6 0. 007"

V POINTW7 0.0135"-
A POINT #8 0. 002"

SEE FIGURE A-20 FOR
DEFLECTION POINTS
AND DIRECTION.

1 

0

0 .025 050. 075 0. 1 0.2 0.3 0.4

DEFLECTION IN INCHES

Figure A-34 DEFLECTION AND PERMANENT SET AT 700 F;
Static Load Test
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TEST NO. 2(g) SPOT WELDED BULKHEAD ASSEMBLY

100

90
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00

0
66~__ _ __ _ _

6H000

z ~4 _________________

z 40,,MAX. SET
w PON# 003
U* POINT #5 0. 005"

K>POINT #6 0.003",
3CY POINT #7 0. 015",

201 ~A 
POINT # 18 0. 003"

SEE FIGURE A-20 FOR

10 
AND DIRECTION.

0 .025.050.075 0. 1 0.2 0.3 0.4

DEFLECTION IN IN4CHES

Figure A-36 DEFLECTION AND PERMANENT SET AT 800 F;

Static Load Test
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TEST NO. 2(h) SPOT WELDED BULKHEAD ASSEMBLY

90 -

80 - _________

<70-

66-

S 60L- --

o 50
U12

Z 40__ _ _ _ _

o ' POINT #4 0. 0025"1

*POINT #5 0. 003"
~POINT #6 0. 032"1

30 - ON 7 .31

A POINT #8 0. 004"1

20 _ _ _ _ _ _ _ _ _ _ _ _ _

DEFLECTION POINTS
AND DIRECTION.

.025 0.025 .050.0'75 0.1 0.2 0.3 0.4

DEFLECTION IN INCHES

Figure A-38 DEFLECTION AND PERMANENT SET AT 900 F;
Static Load Test
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TEST NO. 3 - SPOT WELDED BULKHEAD ASSEMBLY
READIN~GS WERE DISCONTINUED AT 100% ULTIMATE
DESIGN LOAD LOADING WAS CONTINUED TO 128%
ULTIMATE DESIGN LOAD WITHOUT FAILURE.

80

E-4

&POINT #4 0.056"

40__ POINT #8 0. 004"t

SEE FIGURE A-20 FOR DEFLECTION
Pr0 LT S~ AMTKL 7-TDL-f1rP7 '-NT

10 - AWI.

0
.0501 0.2 0.3 0.4 0.5

.025 .050

Figure A-40 DEFLECTION AND PERMANENT SET AT 800 F;
After 900 F - 128% Design Ultimate Static Test
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TEST NO. 1 RIVETED BULKHEAD ASSEMBLY

100
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80,

<70
0

66

60- __ _

o50-:

Z 0

30__ ____KPOINT #6

A POINT *8

20
Tr SEE FIGURE A-20 FOR

DEFLECTION POIENTS

Of 

AND DIRECTION.

0 .025. 050. 075 0. 1 0.2 0.3 0.4

DEFLECTION IN INCHES

Figure A-42 DEFLECTION AT ROOM TEMPERATURE;
Static Load Test
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100 TEST NO. 2A RIVETED BULKHEAD ASSEMBLY
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80

70

66-

60

050

U ~POINT #4
*POINT #5
(POINT #6

30 - POINT #7
A POINT #8

20 SEE FIGURE A-20 FOR
DEFLECTION POINTS
AND DIRECTION.

0.025 .050. 075 0. 1 0.2 0.3 0.4

DEFLECTION IN INCHES

Figure A-44 DEFLECTION AT 200 F; Static Load Test
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TEST NO. 2B RIVETED BULKHEAD ASSEMBLY

100
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S70

00

-40

30 40 
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DEFLECIN PONT

DEFLECTION IN INCHES

Figure A-46 DEFLECTION -AT 300 F; Static Load Test
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TEST NO. 2C RIVETED BULKHEAD ASSEMBLY
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S 70 _ __ __

0
66

S60

zz 50

0 PON T 4

~POINT #5

30 -POINT 
#630, V POINT #7
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20 I --"
SEE FIGURE A-20 FOR
DEFLECTION POINTS
AND DIRECTION.

0 . 025. 050. 075 0 1 0o 2 0.3 04

DEFLECTION IN INCHES

Figure A-48 DEFLECTION AT 400 F; Static Load Test
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TEST NO. 2D RIVETED BULKHEAD ASSEMBLY
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<,z 70
0

f 66

* 60

50W
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Co) *POINT #4

*POINT #5
K POINT #6
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A POINT #8

'20, Y

SEE FIGURE A-20 FOR

10,1"Z -AN) DIRECTION.

0 .025. 050. 075 0.1 0.2 0.3 0o 4
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Figure A-50 DEFLECTION AT 500 F; Static Load Test
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TEST NO. 2E RIVETED BULKHEAD ASSEMBLY

100

90

80

< 70

0

66 _,
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Z 40

O I*POINT #4
POINT #5

04 POINT #6
30 / -V POINT #7

A000 A POINT #8

SEE FIGURE A-20 FOR
DEFLECTION POINTS
AND DIRECTION.
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S.025. 050. 075 0. 1 0.2 0.3 0.4

DEFLECTION IN INCHES

Figure A-52 DEFLECTION AT 600 F; Static Load Test

65



CONVAIR, SAN DIEGO 
c

- C1

0 0z -

zzz ~z
040 0

p.- Ell_ - .

uvoi nmri --t -IM33

66z



F~CONVA-IR, SAN DIEGO

TEST NO. 2F RIVETED BULKHEAD ASSEMBLY

1007
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0
66'

60

z

o50

Z 400

o *POINT #4
P4 *POINT #6

-T POINT #6
A POINT W 8

20
SEE FIGURE A .20 FOR
DEFLECTION POEITS

10 AND DIRECTION.

00 .025.050.075 0.1 0.2 0.3 0.4

DEFLECTION IN INCHES

Figure A-54 DEFLECTION AT 700 F; Static Load Test
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[ 2 CON AIR, S N DEGTEST NO. 2G RIVETED BULKHEAD ASSEMBLY

100,

90

80 - _ _ _ _ _ _ _

70

0

POINT #4
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KPOINT #6

30V POINT #7

2T Y ._40A 

POINT #8

SEE Figure A-20 FOR
DE FLE CTION POINTS
AND DIRECTION.

___________ ___________ ___________ o.________
0 .02 5.050 .075 0. 1 0.2 0.3 0.4

DEFLECTION IN INCHES

Figure A-56 DEFLECTION AND PERMANENT SET AT 800 F;
Static Load Test
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TEST NO. 21, 'IVETED BULKHEAD ASSEMBLY

100

90

80

*0, 70

0

5 0,

40__ __ _ M AX SET

DEFLECTOIONT PONT

DEFLECTION NOINCHS

Figure A-58 DEFLECTION AND PERMANENT SET AT 900 F;
Static Load Test
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TEST NO. 3 - RIVETED BULKHEAD ASSEMBLY
(Readings Were Discontinued At 100% Ultimate Design Load.
Loading Was Continued to 128% Ultimate Design Load Without
Failure.

100!
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80 ___

¢ 70 I"
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66
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SEFIUURE A-20 FOR
DEFLECTION POINTS
AND DIRECTION.

0 • 4
-. 2 -. 1 0 .1 .2 .3 .4 .5 .6

DEFLECTION IN INCHES

Figure A-60 - DEFLECTION AT 800F AFTER 900F; 128% Design
Ultimate Static Test.
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SPOT WELDED BULKHEAD ASSEMBLY
100

90-

80-

70
0

60

Z 50 !

II LEGEND

DEFLECTION CURVE AT ROOM TEMPERATURE

0 40 DEFLECTION CURVE AT 300F
ii - - DEFLECTION CURVE AT 500F

DEFLECTION CURVE AT 700F

30 -DEFLECTION CURVE AT 900F

S: -DEFLECTION CURVE AT 800F, after 900F

10

0

-0.025 0 0.1 0.2 0.3 0.4

DEFLECTIONS IN INCHES.

FIGURE A-62. DEFLECTION AT POINT #5
COMPARED AT SIX TEMPERATURES; From
Room Temperature To 900F
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SPOT WELDED BULKHEAD ASSEMBLY

10LEGEND_
-=DEFLECTION CURVE AT ROOM

TE MPERATURE
90 ------ DEFLECTION CURVE AT 300F

---- DEFLECTION CURVE AT 500F
80 -- ~--DEFLECTION CURVE AT 700F

---- =DEFLECTION CURVEAT 900F

o7'0 --.- =DEFLECTION CURVE AT80OF)-
after 900F

~60

z

~40

0
3 30

20

0 0.1 0.2 0.3 0.4

DEFLECTION IN MlCHES

FIGURE A-63. DEFLECTION AT POINT #7
COMPARED AT SIX TEMPERATURES3; From
Room Temperature To 900F
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RIVETED BULKHEAD ASSEMBLY

LEGEND

= DEFLECTION AT R. T.

-------- DEFLECTION AT 30OF
100 = DEFLECTION AT 500F

= DEFLECTION AT 70OF
90 =-- - DEFLECTION AT 900F

80 - DEFLECTION AT 800F, after 90OQF

80

40

r.il
F-460

' '
54 5I

z I
c/l 40

0 30

20
C140

-0.2 -0.1 0 +0.1 +0.2

DEFLECTION IN INCHES

FIGURE A-65. DEFLECTION AT POINT #5
COMPARED AT SIX TEMPERATURES; From
Room Temperature To 900F
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RIVETED BULKHEAD ASSEMBLY
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/ DEFLECTION CURVE AT ROOM TEM'ERATURE

0 ----- DEFLECTION CURVE AT 300F
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)

Convair Print 59797
Figure A-81 - SPOT WELDED FUSELAGE CANTED BULKHEAD ASSEMBLY;

Fatigue Failures and Repairs Made During Test.
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Convair Pi'int 59795
Figure A-82 - SPOT WELDED FUSELAGE CANTED BULKHEAD ASSEMBLY;

Final Failure at 37, 200 Cycles.
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Figure A-83 - SPOT WELDED FUSELAGE CANTED BULKHEAD ASSEMBLY;

Final Failure at 37,200 Cycles. 5
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Figure A-91 - RIVETED FUSELAGE CANTED BULKHEAD ASSEMBLY;)

Inner Flange Fatigue Failure After 140, 629 Cycles.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Assemblies

A. FUSELAGE CANTED BULKHEAD - STATIC AND FATIGUE TESTS

V. SUMMARY OF RESULTS

1. The riveted and spotwelded assemblies had similar deflection
characteristics in the static tests.

2. Both assemblies sustained 128% design ultimate load at 800 F
without a major failure

3. The riveted canted bulkhead had a better fatigue life than the spot-
welded bulkhead.
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TITANIUM DEVELO)PM]ENT PROG~RAM

Volume V - Structural Evaluations of Titanium Allay Assemblies

A. FUSELAGE CANTED BULKHEAD - STATIC AND FATIGUE TESTS

VI. CONCLUSIONS AND DISCUSSION

From a structural design viewpoint the element tests on the titanium
bulkheads were the most significant, for they furnished evidence of the
superiority of titanium over aluminum for certain applications. This
observation is possible because of the opportunity to compare the test bulk-
heads with actual aluminum construction presently used on the F-106, a
typical advanced design Mach 2 Interceptor. The bulkhead test specimens
were fabricated to the loft lines of the F-106 canted frame at Station 672.38.
This is a major bulkhead that supports the aft fin spar for which the loads
and design parameters are well defined.

The F-106 aluminum designed bulkhead weighs 26.9 pounds, not including
the fin spar attach fitting. Approximately six pou~nds of this weight is for
skin splices, miscellaneous clips, and the weight of a small portion of the
frame that was designed to resist other design loads. In contrast, weight
of the part that was fabricated from titanium for the test program was 8.1
pounds (the total bulkhead, less the fin spar attach fitting, would weigh 16.2
pounds). It can be seen that the weight saving resulting from using titanium,
for the particular part in question, is approximately 29% assuming that the
margin of safety Is the same for both parts.

In the F-106 aft engine compartment heat was significant, and the design
of all frames in the area was predicated on 272 F for 40 hours duration. The
properties of 2024 T4 aluminum alloy are approximately 88% of room tem-
perature properties. There is a somewhat similar reduction for A-3M-1V
titanium; however, the properties of aluminum deteriorate much more
rapidly with increase in temperature. In the event of an engine shroud fail-
ure or fire in the engine compartment, the titanium structure would have an
additional fail safe type of advantage over the aluminum construction.

Either the spot welded or riveted structure seems to be adequate from
a fatigue standpoint for the particular part in question.
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VI. CONCLUSIONS AND DISCUSSION (Cont'd)

The F-.106 preliminary flight loads spectra give the following lateral
gust load factors:

12,769 cycles at 25% limit load

2,361 cycles at 50% limit load

218 cycles at 75% limit load

19 cycles at 100% limit load

1 cycle at 125% limit load

The above figures are preliminary data from a fatigue analysis being con-
ducted on the F-106. The number of cycles is predicated on an interceptor
life of 4000 flight hours.

The spot welded specimen sustained 37, 200 cycles of 66.7% limit load
at various elevated temperatures. Since most fatigue damage occurs as a
result of a high number of cycles at low load levels, it is obvious that the
fatigue life of the titanium specimens would have been adequate for the
bulkhead in question.

The stress at the point of failure was calculated to be 44,300 lbs/sq. in.
at ultimate load. The stress level during the fatigue cycle varied from 0 to
19,200 lbs/sq. in. at an average temperature of slightly less than 800 F.
The only available information on fatigue for this alloy shows a maximum
fatigue stress of approximately 50, 000 lbs/sq. in. for a life of 40, 000 cycles.
This was with a notched specimen (Kt = 3.5) at room temperature with the
load ratio = 0.6 (maximum stress minus mean stress divided by the mean
stress), Ref: Titanium Engineering Bulletin No. 8, Titanium Metals Corp. of
America, 233 Broadway, New York. The difference between the 19, 700
lbs/sq. in. and the 50, 000 lbs/sq. in. could be due to several reasons. The
temperature undoubtedly reduced the fatigue life, the load ratio tested to
(1. 0) is more severe, and the notch factor was not accurately known. The
failure occurred where a reinforcing angle ended and local stresses were
probably much higher than the calculated stresses. However, the riveted
bulkhead did not suffer a fatigue failure in this 'area. If we neglect scatter
(usually very large in this type of test) it would seem that the spot welds
have a much larger notch effect than do rivets, for this particular alloy.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Assemblies

B. W\ING LEADING EDGE SECTIONS - STATIC AND FATIGUE TESTS

I. INTRODUCTION

This report was prepared to present the results of static and fatigue
tests, at temperature, of titanium wing leading edges. The Wing Leading
Edge Assembly is basically a conversion to titanium of the F-106A Inter-
ceptor Part 8-18205, Leading Edge Assembly. This part was redesigned
to take advantage of the improvement in properties of titanium over aluminum
at higher temperatures. In this case. Ti-4A1-3Mo-1V titanium alloy re-
placed 7075-T6 aluminum alluy.

Two titanium Wing Leading Edge Assemblies were tested; one statically,
one in fatigue. The static specimen was tested in 207 steps to limit load
at room temperature, 200 F, 300 F, 400 F, 500 F, 600 F. 700 F, 800 F and
900 F. A failure test was then conducted at 800 F. The fatigue specimen
was tested at 66. 7% of limit load for 1.60, 000 cycles; 2500 cycles each at
room temperature, 200 F, 400 F and 600 F. and 150, 000 cycles at 800 F.

These tests were conducted to determine:

1. The load carrying characteristics of a titanium Wing Leading Edge
at various temperatures up through 900 F.

2. The ultimate strength of the assembly at 800 F.

3. The fatigue life of the assembly at b00 F.

4. The comparative strengths of the spot welded and riveted halves.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Assemblies

B. WING LEADING EDGE SECTIONS - STATIC AND FATIGUE TESTS

H. SUMMARY

The statically tested specimen of the Wing Leading Edge Assembly with-
stood all tests with no apparent failure. The same assembly specimen,
when tested to failure at 800 F, failed at 189.5% of limit load (126.3% of
design ultimate). The upper skin failed as a column near the attachment
fixture, pulling several spotwelds and rivet heads.

The fatigue specimen showed many cracks in the internal structure of
the spotwelded portion; the riveted portion had only a few popped rivet heads.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Assemblies

B. WING LEADING EDGE SECTIONS - STATIC AND FATIGUE TESTS

III. DESCRIPTION OF TEST SPECIMENS AND METHOD OF TESTING

1. Test Specimens:

Two test specimens were manufactured according to Convair Engineer-
ing Drawing 29-01007, Figure B-i (page 121). The sheet metal parts were
made from Ti-4A1-3Mo-1V alloy. The skins on one half of each specimen
were spotwelded to the ribs. The skins on the other half were riveted
using countersunk monel rivets. Therefore, each of the two test specimens
was effectively two specimens; one spotwelded and one riveted. The upper
skin was reduced in thickness between the ribs by chemical etching.

2. Test Procedure:

The test specimens were attached to a rigid fixture in a manner similar
to an actual installation, using 3/16-inch bolts with one inch spacing.

The test load was distributed over 66 points of application to simulate
air loads using a whipple tree system shown in Figures B-2 and B-3
(pages 123 and 124). The load was applied by eyebolts through the skin and
ribs into steel blocks cushioned by pieces of asbestos blanket.

The maximum static load for all conditions, except the failing load,
was 6650 pounds, which is limit load. The load was applied in 20 per cent
increments and deflections taken. Permanent set was measured at 10
per cent load after each of the increments. Deflections were taken at the
mid-point of the front edge and at the quarter points, i. e., at points half-
way between the mid-point and the edges. Eight strain gages were placed
as shown in Table B-i (page 125) for the room temperature static test.

The complete static load sequence was run at room temperature, 200 F,
300 F, 400 F, 500OF, 600 F, 700 F, 800-F, and 900 F. A similar load
sequencing was used during the failure test, which was conducted at 800 F
after 900 F.
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(.!

Figure B-1 - WING LEADING-EDGE ASSEMBLY;
Engineering Drawing 29-01007
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Convair Print 60714
Figure B-3 - SIDE DETAIL OF TEST SET UP;

Showing Load Attachment Points.
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MI. 2. Test Procedure: (Cont'd)

The fatigue test load was 2/3 of limit load (4433 lbs.). This load was
applied and removed about 33 times per minute. Loadings were applied
2500 times at room temperature, 200 F, 400 F, and 600 F. AtB800F, the
loadings were applied 150, 000 times. All loads were applied hydraulically
using a hydraulic cylinder and pump.

The loading cylinder was placed in a calibrated Baldwin Lima Hamilton
standard universal testing machine prior to test. Pressure was applied to
the cylinder by the hand pump. A pressure vs load curve was thereby
obtained. By using the same pressure gage and cylinder, the loads could
be duplicated accurately during subsequent testing.

Heat was applied to the specimen by means of quartz heat lamps in a
contoured, reflective oven, Figure B-2 (page 123). The temperature was
controlled by a Research, Inc. heat programra er. Four channels of heat-
ing were used: two above and two underneath the specimen. A channel con-
sists of a lamp bank, a controller, and a feedback thermocouple attached to
the specimen under the lamp bank. The accuracy of the temperature is
dependent only on the accuracy of the thermocouple.

3. Test Loads:

Test load for the static test was design limit load which is defined in
Convair Report S-Gen-84 "Titanium Development Program" as 6650 pounds
with a uniform distribution. This was based on condition 1610 from Convair
Report ZS-8-136 "Static Test Load Summary 106A."

Fatigue load was 66. 6% of limit load.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Assemblies

B. WING LEADING EDGE SECTIONS - STATIC AND FATIGUE TESTS

IV. TEST RESULTS

The static test Wing Leading Edge Assembly failed at 12,600 pounds
which is 189.5% of limit load or 126.3% of design ultimate. Failure
occurrod in the upper skin which failed as a column, pulling out spotlwelds,
popping rivet heads, and bulging outward, Figures B-4 and B-5 (pages 128
and .;q).

Strain gage readings taken during the room temperature static test
are to be found in Table B-1 (page 125 ).

Deflection and set curves for the various test temperatures are shown
in Figures B-6 through B-16 (pages 130 through 140). The data from the
midpoint were used. This point approximates the average of the three. The
quarter point falling in the middle of the riveted section was about 5% higher,
the spotwelded, about 5% less.

The fatigue test Wing Leading Assembly withstood a total of 160, 000
cycles of 2/3 limit load. However, the spotwelded half suffered consider-
able damage. The first spotweld failures occurred at 29,855 cycles. The
failure was heard at that time, but damage could not be seen. At 72, 000
cycles, the failure of the spotwelds could be seen. They were mostly in-
ternal structure welds. By 160, 000 cycles, there was extensive internal
damage as well as damage to the skin as shown in Figures B-17 and B-18
(pages 141 and 142).

The first rivet head popped in the skin at 55,338 cycles. At 160, 000
cycles, the riveted half had lost several rivet heads in the upper skin as

shown in Figure B-19 (page 143 ). There was also some damage to the ribs
next to the spotwelded half as shown at the right in Figures B-17 and B-18.
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Convair Print 63965

Figure B-17 - SPOT WELDED SECTION OF WING LEADING-EDGE ASSEMBLY;

Oblique View Showing Fatigue Failures.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Assemblies

B. WING LEADING EDGE SECTIONS - STATIC AND FATIGUE TESTS

V. SUMMARY OF RESULTS

1. The load carrying characteristics of the Wing Leading Edge Assembly,
as determined by the deflection and set curves, are not materially affected
by temperatures up through 900 F, although deflections increased with
temperature.

2. The ultimate strength of the Wing Leading Edge Assembly was 126.3%

of design ultimate load.

3. The spotwelded section failed first, with failure progressing to the
riveted side.

4. After 160, 000 cycles of 66.7% limit load, the 29-01007 Leading Edge
Assembly would still withstand the load.

5. The riveted portion was in good condition except for several popped
rivet heads and cracks in the rib adjacent to the spotwelded portion.

6. The spotwelded portion had many internal failures and was gradually
transferring more and more of its load through the skins into the riveted
section, causing the failures in the adjacent riveted rib as mentioned above.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Assemblies

B. WING LEADING EDGE SECTIONS - STATIC AND FATIGUE TESTS

VI. CONCLUSIONS AND DISCUSSION

The leading edge assembly which was fabricated from titanium for the
structural tests weighed approximately 17.28 pounds. This is almost the
identical weight of the presently used aluminum structure on the F-1 06
(calculated to be 16. 1 pounds). The titanium skin was chemically milled
between the ribs so that the weight of the specimen would approach the
weight of the original design.

The condition that the specimen was tested to is a 7g limit, steady
state pull up, at subsonic speed, at sea level. Temperature was nct a
design parameter. The specimen showed a margin of safety of 26.3 even
though it was tested at 800 F. The fatigue life of the specimen far exceeded
any reasonable design requirements. With these facts in mind, it can be
reasonably assumed that a substantial weight saving could have been
experienced had the original design been based on titanium. Leading edge
designs in the near future will be influenced by aerodynamic heating gener-
ated by Mach 3. 0 and above. Titanium as a material for leading edges
has been demonstrated to be a very useful material under these operating
conditions.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Asstomblies

C. DUCT-ENGINE BLEED AIR - STATIC, FATIGUE AND BURST TESTS

IINTRODUCTION

Six titanium alloy ducts similar to the F-106 engine bleed air ducts
were manufactured by three methods, two specimens by each method. One
of each type was subjected to static tests at 800 F and the other, to fatigue
tests at 800 F. After completion of the above tests, each duct was burst-
tested at room temperature.

II. SUMMARY

The program objective was to determine the structural integrity of
air ducts, made from titanium alloy by three different methods. Since
all specimens met or exceeded initial test requirements, the objective of
the program was accomplished.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Allojr Assemblies

C. DUCT-ENGINE BLEED AIR - STATIC, FATIGUE AND BURST TESTS

III. DESCRIPTION OF TEST SPECIMENS AN]) METHOD OF TESTING

1. Test Specimens:

Six engine bleed air ducts were manufactured from Ti-4A1-3Mo-IV
titanium alloy. These specimens simulated the engine bleed air ducts used
in the Convair F-106 interceptor. The production ducts are manufactured
from type 321 or 347 corrosion resistant steel, using fusion and seam
welded construction.

The three manufacturing methods used on the titanium test specimens
were:

a. Fusion butt welded with seam welded end flanges, Figure C-i
(page 153).

b. Seal welded, Figure C-2 (page 155)

c. Riveted and brazed, Figure C-3 (page 157).

It is to be noted that all specimens had fusion butt welds in some areas.

Details of the specimen manufacture are discussed in Volume IV, this
report.

The test ducts were assembled using solid end caps. Sealed tubes
were attached to the cap and inserted into the ducts in order to reduce the
internal volume, Figure C-4 (page 159).

The caps were held in place with Marmon clamps and sealed with
asbestos and steel gaskets, Figure C-5 (page 160).

A preliminary leak test was accomplished by submerging the duct in
water and applying 90 PSIG internal air pressure. Leaks in the duct were
repaired prior to test. Difficulty was experienced in obtaining a satisfactory
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Figure C-I - ENGINE-BLEED AIR DUCT; Butt Welded Assembly

Engineering Drawing 29-03.005, Sheet 1 of 3
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Figure C-2 - ENGINE-BLEED AIR DUCT; Seam Welded Assembly
Engineering Drawing 29-01005, Sheet 2 of 3
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Figure 0-3 - ENGINE-BLEED AIR DUCT; Brazed Assembly

Engineering Drawing 29-01005, Sheet 3 of 3
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Mn. 1. Test Specimens: (Cont'd)

seal at the cap. It was necessary to polish the 'duct flanges, on a flat sur-
face, using coarse and then fine emery paper. The cap and duct flange
were then lapped together.

2. Test Procedure:

One specimen of each type was static tested and the other was fatigue
tested.

The static and fatigue tests were run at 800 F in a steel box oven. The
oven had three resistance wire heating elements supported approximately
1/2 inch from the surface of the specimen, Figure 0-6 (page 162). The
oven was wrapped with insulation and placed in a second steel container in
order to contain the specimen in the event of an explosive failure.

Thermocouples were spot welded to the surface of the specimen in
three locations. Each thermocouple controlled the heating element adjacent
to it. The power was controlled by, and the temperature recorded by, a
three-channel Brown Controller and Recorder. The 800 F test temperature
was reached in two hours and the specimen soaked at that temperature for
an additional two hours prior to the start of the test.

Test pressures were obtained with bottled, dry nitrogen and controlled
by means of a gas regulator and a calibrated bourdon tube pressure gage. A
schematic diagram of the pressurization system is shown in Figure 0-7
(page 163).

A pair of bourdon tube pressure switches, counter, and relay were
1,0U ~ auLolnatic Ily cycle the pressure from 15 PSIG to the maximum

pressure for the fatigue test. The cycle rate was maintained at 40 cycles
per minute. A schematic diagram of the cycling system is shown in
Figure C-6 (page 164).

Burst tests were conducted on all specimens after completion of the
static and fatigue tests. The burst tests were conducted at room tempera-
ture using hydraulic oil and a motor driven pump as the pressurization
sources.
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Convair Print 65692

Figare C-6 - ENGINE-BLEED AIR DUCT; Specimen Installed in Oven.
Note Nitrogen Inlet Coil for Preheating Gas.
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III. DESCRIPTION OF TEST SPECIMENS AND METHOD OF TESTING (Cont'd)

3. Test Loads:

The static tests were conducted in the following order on one duct of
each type:

a. 245 PSIG at 800 F for 3 minutes

b. 370 PSIG at 800 F for 3 minutes

c. 550 PSIG at 800 F for 1 minute

The fatigue tests were conducted in the following order on the other
duct of each type:

a. Static Proof 245 PSIG at 800 F for 3 minutes

b. Static Proof 370 PS1G at 800 F for 3 minutes

c. 100, 000 cycles 245 PSIG at 800 F

d. 120, 000 cycles 310 PSIG at 800 F

e. 30, 000 cycles 370 PSIG at 800 F

In the burst test, each specimen was subjected to an increasing hydrau-
lic pressure at room temperature to duct failure. In some cases, a aigh
flow was required at high pressure in order to compensate for end cap

4. Test Results and Discussion:

All of the bleed air ducts satisfactorily completed the test schedule
specified on the specimen drawings (reference Figures C-1 through C-3).
It is to be noted that the fatigue test was changed from room temperature
to 800 F.

All but one specimen failed in the hydraulic burst test at room tem-
perature. Typical burst failures occurred in the portions of the ducts that
had been joined by fusion welds. The burst test results are presented in
Table C-1 (page 166). Photographs of the specimen failures are shown in
Figures C-9 through C-14 (pages 167 through 172).
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I1. 4. Test Results and Discussion: (Cont'd)

The 29-01005 basic specimens (all fusion i;elded - Figures C-9 and
C-10) failed in the room temperature burst test at lower pressures than
the same specimens sustained at 800 F. The static test specimen failed
at 200 PSIG and the fatigue specimen failed at 340 PSIG. Both specimens
failed in the longitudinal fusion welded seam. These apparent premature
failures cannot be fully explained. It is possible that the elevated tem-

perature permitted the stress to be more evenly distributed over the weld
area, and the stress concentration points due to local discontinuities were
more effective at room temperature. Secondly, it is possible that the
temperature cycle caused a redistribution of the residual stresses.

The 29-01005-1 seam welded duct reached 1100 PSIG in the burst test,
which is 200% of the burst value required by the drawing. The static
specimen failed in the fusion welded elbow, Figure C-11. The fatigue

specimen did not fail. The end cap leakage equaled the pump output flow at

1140 PSIG.

The 29-01005-3 riveted and brazed specimens both had small failures
at 740 and 600 PSIG, respectively, and would sustain higher pressures at
high flow. A photograph of this specimen type is shown in Figure C-12
(page 170) and enlarged photographs of the failures are shown in Figures
C-13 and C-14 (pages 171 and 172).
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TITANIUM DEVELOPMENT PROGRAM

Volume V - 8'ructural Evaluations of Titanium Alloy Assemblies

C. DUCT-ENGINE BLEED AIR - STATIC, FATIGUE AND BURST TESTS

IV. SUMMARY OF RESULTS

1. All specimen types sustained the static or fatigue test schedules.

2. The seam welded specimens sustained the highest pressure in the

burst tests.

3. The riveted and brazed ducts failed in excess oi Lhe required 555 PSIG

burst pressure. One specimen failed in the fusion weld area.

4. The fusion welded specimens failed at a room temperature burst test

pressure lower than the 800 F pressures applied in the static and/or

fatigue tests.
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D. SHEAR PANEL - ELEVATED-TEMPERATURE
STATIC AND FATIGUE TEST

I. INTRODUCTION

Test panels, representative of typical shear panel applications in

supersonic aircraft structures were tested. Flight conditions would be

expected to impose combined shear loads and aerodynamic heating, up

to 900 F.

The objectives were to conduct statc and repeated load tests to:

Determine if the panels would withstand a predetermined stress level

of 34,600 lbs/sq. in. at room temperature, 200 F and 100 F incre-

ments thereafter to 900 F.

Determine the change in defls,'tion under load due to temperature

variations from room temperature up to 900 F.

Determine the ultima' static f.'jng strength of the panels at 800 F.

Obtain deflection ",..rmal to the panel surface when statically loaded

at 800 F.

Determine the fadigue 'fe of the panels at 800 F.
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D. SHE AR PANEL1 - ELEVATED-TEMPERATURE

STATIC AND FATIGUE TEST

II. SUMMARY

Static and repeated load tests were conducted on 23"1 x 23"1 flat and
stiffened shear panels mounted in a rhomboid shear frame. Panels were
tested at temperatures up to 900 F in order to determine the static strength,
load-deflection characteristics, and fatigue life at elevated temperatures.

All panels withstood a predetermined shear stress of 39,200 lbs/sq. in.
at temperatures up to 900 F. The panels were then statically and fatigue
loaded to destruction at 800 F.

Static and fatigue failure results, along with load-deflection curves, are
presented herein.
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D. SHEAR PANEL - ELEVATED-TEMPERATURE
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lI. TEST SPECIMENS

Two each of the following Ti-4A1-3Mo-1V titanium alloy shear panels

were tested to destruction. One each was statically tested and one was

fatigue tested.

Test Panel 29-01010-1, -3 & -5 (Figure D-1, page 183)

29-01011 (Figure D-2, page 185)

29-01013 (Figure D-3, page 187)

29-01014 (Figure D-4, page 189)

/
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Figure D-1 - SHEAR TEST PANEL - Engineering Drawing 29-01010
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Figure D-2 - CORRUGATED SHEAR TEST PANEL -
Engineering Drawing 29-01011
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Figure D-3 - RIGIDIZED-GRID SHEAR TEST PANEL -

Engineering Drawing 29-01013
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Figure D-4 - SHEAR TEST PANEL - Engineering Drawing 29-01014
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D. SHEAR PANEL - ELEVATED-TEMPERATURE
STATIC AND FATIGUE TEST

IV. TEST SET-UP

1. Load ,nd Deflection:

The specimens were mounted in a rhomboid shear frame as shown in
Figures D-5, D-6 and D-7 (pages 193 ,195 and 196). In order to produce,
as nearly as possible, pure shear in the specimen, the sides of the frame
were designed to allow less than 0.003" deflection at center span. Load
was applied to the shear frame by a hydraulic actuator and was monitored
by a Baldwin-Lima-Hamilton SR-4 load cell. Diagonal deflection in the
direction of load as well as deflection of the panel normal to the surface
was measured by dial indicators. Deflection point locations are showa in
Figure D-8 (page 197).

2. HeatinF:

Heat was applied by tubular infrared lamps mounted at two inch centers
and having a maximum heating capacity of 530 BTU/min/sq. ft. (see
Figure D-9). Power to the lamps necessary to produce the correct steady-
state temperature was controlled by a Research, Incorporated heat pro-
grammer utilizing thermocouple numbers 1 and 2 as control thermocouples.
(See Figure D-8 for thermocouple location.)

Heat was applied to the top and bottom of the shear frame. However,
the specimen was heatled on the bottom unstaffened side only. The two
bottom lamp banks used to heat bcoth the panel and frame are shown in
Figure D-9 (page 198). The specimen and frame were placed over the
bottom lamp bank, Figure D-10 (page 199), and a lamp bank was placed
over the top to heat the frame only. The specimen and jig work were
completely enclosed in a stainless steel oven to minimize heat loss and
edge cooling effects, Figure D-11 (page 200).
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Figure D-5 - TEST FRAME FOR SHEAR TEST PANEL -

Engineering Drawing SL 59-532.7
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Figure D-8- DEFLECTION POINT AND THERMOCOUPLE LOCATION.
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D. SHEAR PANEL - ELEVATED-TEMPERATURE
STATIC AND FATIGUE TEST

V. TEST PROCEDURE

1. Static Tests:

a. Room Temperature -

Load was applied in increments until a calculated shear stress of
34, 600 lbs/sq. in. was obtained. Load was reduced to a tare of 2500 pounds
after each increment in order to determine permanent set. Deflections were
recorded at each increment.

b. Elevated Temperature -

The specimen and jig work were heated at a rate of 18 F/min.
Preliminary testing indicated that this heat rate maintained a temperature
differential between specimen and jig work of less than 50 F. Loa was
applied at 200 F and at each 100 F increment thereafter through 900 F. At
each temperature increment, load was applied and deflections recorded in
the same manner as was done at room temperature.

After completion of tests at 900 F, temperature was reduced to 800 F
at a rate of 18 F per minute. The specimen was then loaded in increments
to failure with deflections recorded at each increment.

2. Fatigue Tests:

The specimen and jig work were maintained at 800 F and load was ap-
plid at an approximate rate of 30 cycles per minute.

Throughout the repeated load tests, the magnitude of load, as indicated
by the SR-4 load cell, was monitored and recorded on a Sanborn oscillo-
graphic recorder. Applied loads test conditions and results are shown in
Table D-1 (page 202) and Figures D-12 through D-.34 (pages 203 through 225)
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D. SHEAR PANEL - ELEVATED-TEMPERATURE
STATIC AND FATIGUE TEST

VI. TEST LOADS

1. Static Tests:

All panels were loaded to the same stress level at room temperature,
200 F and at each 100 F increment thereafter through 900 F. This stress
level equals 75% design limit stress at 900 F (design limit stress at 900 F
equals 46, 100 PSIR.

2. Fatigue Tests:

The magnitude of the applied fatigue load was 4/9 of the ultimate fail-

ing load as determined by previous static tests.

VII. TEST RESULTS

1. Static Tests:

The ultimate static loads as well as references to failure photographs
and load-deflection data are presented in Table D-1 (page 202).

2. Fatigue Tests:

Applied load, number of cycles and references to failure photographs
are presented in Table D-1.

VIII DISCUSSION

As shown in Table D-1 the 29-01014 stiffened panel withstood the
greatest load (62, 000 pounds). In addition, this panel had the least normal
deflection under load (reference Figure D-30). However, the fatigue life
of the 29-01014 panel was noticeably less than that of the other stiffened
panels.
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IX. CONCLUSIONS

All specimens withstood an applied shear stress of 39,200 lbs/sq. in.

at room temperature, 200 F and 100 F increments thereafter through 900 F.

Variations of JIeflect-on due t, temperature vaciations were considered

negligible and are therefo-c not presented.

Ultimate static failing load, deflection under load, fatigue life and
weights of panels are presented in tabular form in this report.
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X. STRUCTURAL DISCUSSION

The titanium shear panel load is given as

7 tW

' 707

The shear stress r is the pertinent unknown for a given ultimate applied
static load in each panel; w, the effective width of the panel, is taken as
the distance between the inboard rows of the spot welds or 12. 78 inches
in each of the six shear panels tested. The small bent effect of the sheet
and doublers, at the corners, is neglected. The following table shows the
result of the static portion of the tests, all of which were run at a tempera-

ture of 800 F.

"q" (lbs/in) "T" (lbs/
Panel Shear Load Shear Load/ sq. in.)

No. Specimen (lbs) P 2 12.78 "t" (ins.) qt

1 29-01010-1 24000 1878 .025 75,100

2 29-01010-3 35350 2766 .032 86,400

3 129-01010-5 43800 3427 .040 85,700

4 29-01011-1 38250 2993 .020+ .016 83,100

5 22-01013-1 35820 2803 . 020 + . 016 77,900

6 22-01014-1 43800 3427 .032 107,100
t I I-

The average ultimate shear stress for the first five panels is 81, 600 lbs/sq. in.
This compares favorably with the ultimate allowable shear stress (at test
temperature) of 76,000 lbs/sq. in. Ref: Properties'of Ti-4A1-3Mo-V -
Titanium Metals Corporation of America, 233 Broadway, New York. Panel
No. 6 failed at a very high calculated stress because of the heavy stiffeners
which acted as a vieren deel truss and reacted some of the applied load.
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X. STRUCTURAL DISCUSSION (Cont'd)

Panel No. 5 actually failed in static tension. In this specimen the
rigidized grid reacts shear, but is much too flexible in tension, in a dia-
gonal direction, to help the face sheet react the applied load. The tension
stress at rupture in the face sheet was 50,700:(1.414)(12.78) (.020) (140,000
lbs/sq. in.) The allowable ultimate tensile stress at this temperature is
147, 000 lbs/sq. in. It seems probable that the spot welding necessary for
this type of construction reduced the parent metal allowable to 95% of the
unwelded material allowable.

It is interesting to note that this alloy of titanium acts very similarly to
the stainless steels. The ultimate shear stress is approximately 57% of the
ultimate tensile stress at room temperature. This percentage drops slightly
to approximately 51% at 800 F. The aluminums and the chrom-moly steels
shear strengths are approximately 60% of the ultimate tensile strengths, at
room temperature, however, this percentage seems to increase slightly
with increase in temperature.

From the graphs of the deflections, it is seen that the first three panels
were in tension field from the tare load; however, at ultimate load the de-
flections were not greater than plus/minus. 15 inch. These three speci-"
mens had several deflection nodes, while the rigidized panels had only one.
The corrugated panel (Panel No. 4) seems to be shear resistant up to a
shear flow of approximately 1650 lbs/inch, at which time one large buckle
appeared. The deflection at the center of the panel was over. 40" at ulti-
mate load. The rigidized grid is similar to Panel No. 4 in that only one
buckle appeared. It grew with increase in load to a maximum deflection of
.30 inch. The specimen did not seem to be shear resistant at the tare load.
Panel No. 6 was shear resistant up to a shear flow of 2995 lbs/in. An un-
symmetrical buckle then appeared and remained to failure. The deflections
were small (less than .15 inch at failure). The cost weight-wise of Panel
No. 6 is prohibitive unless there are large compressive loads that would
necessitate the heavy stiffeners.

The fatigue tests show that much data is missing, if fatigue life is to be
predicted accurately. The tests were not conclusive and fell short of ex-
pectations. The notch factors due to the spot welding needs much investi-
gating.
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COMPRESSION PANEL - ELEVATED-TEMPER~ATURE STATIC TEST

IINTRODUCTION

Test specimens represented typical wing or fuselage compression
panels of supersonic aircraft structures which would, under flight condi-
tions, be subjected to combined compressive load, pressurization, and
aerodynamic heating.

The objectives of this test were:

To determine the effect of limit load and pressure on the specimens
when applied at room temperature, 200 F and 100 F increments
thereafter to 800 F.

_-o determine the ultimate compressive load that the specimen would
withstand when pressurized to design limit pressure and maintained
at a constant temperature of 800 F.
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E. COMPRESSION PANEL - ELEVATED-TEMPERATURE STATIC TEST

H. SUMMARY

Static compression load and pressurization were conducted on 26" x
31-1/2" 4AI-3Mo-1V titanium alloy stiffened panels. Panels were heated
by infrared lamps from the unstiffened side, pressurized to limit pressure
from the stiffened side and loaded axially in compression. All specimens
withstood limit load and pre3sure at room temperature, 200 F and each
100 F increment through 90( F. The panels were then maintained at 800 F,
pressurized to limit pressur and axially loaded to failure.
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E. COMPRESSION PANEL - ELEVATED-TEMPERATURE STATIC TEST

III. TEST SPECIMENS

The test specimens were 26-1/2" x 31" stiffened compression panels
fabricated from Ti-4AI-3Mo-1V titanium alloy. The following specimens
were tested to failure:

Test Part 29-01009 - Figure E-1 (page 239)

Test Part 29-01012 - Figure E-2 (page 241)

Test Part 29-01008 - Figure E-3 (page 243)

237



CONVAIR - SD

Figure E-1 - COMPRESSION SHEAR TEST PANEL -

Engineering Drawing 29-01009
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Figure E-2 - COMP.RESSION TEST PANEL; Uninterrupted Corrugation -

Engineering Drawing 29-01012
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Figure E-3 - COMPRESSION TEST PANEL; Corrugation -

Engineering Drawing 29-01008
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Assemblies

E. COMPRESSION PANEL - ELEVATED-TEMPERATURE STATIC TEST

IV. TEST SET-UP

The specimens were loaded in compression by a Baldwin-Southwork,
400, 000 pound, universal test machine. The vertical sides of the specimens
were clamped in the test fixture in a manner which prevented long column
buckling at the edges. This clamping action, however, reacted a negligible
amount of vertical load from the skin. The test fixture was designed so
that air pressure was applitd to the stiffened side of the panel during loading.
In addition, the fixture provided support for the specimen sub-struc'ure.
Normal skin deflection at the geometric center of the panel, as well as
vertical movement of the compression heads of the machine were measured
by dial indicators. These deflections were taken in an attempt to predict
the failure or indicate local buckling before failure occurred.

Installation was as follows:

1. 29-01009 Test Panel:

A load block applied a compressive load to the -9 stringers and the -7

skin as shown in Figure E-4 (page 247), section B-B. The -13 and -15
stiffeners were supported at the end through slotted holes as shown in
Figure E-4, sections A-A and C-C. This can also be seen in the installation
photograph, Figure E-5 (page 249). The supporting holes were slotted so
that only shear load would be re.cted to the fixture.

2. 29-01012 Test Panel:

The specimen was mounted as shown in Figure E-6 (page 251). The -23
web was attached to the test fixture as shown in Figure E-6, sections A-A
and C-C and also in Figure E-7 (page 253). The specimen was first
mounted so that all of the compressive load was applied to the -7 skin as
shown in Figure E-6, section D-D. However, since the skin was not of
sufficient section to distribute the load into the center of the panel, local
buckling occurred at the loaded edges as shown in Figure E-8 (page 254).
After the specimen wqs removed from the jig, a crack was observed in the

-23 web as also shown in Figure E-8. A repair was made by spot welding
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Figure E-4 - INSTALLATION FOR COMPRESSION TEST
PANEL 29-01009 - Engineering Drawing 30488
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Figure E-6 - INSTALLATION FOR COMPRESSION TEST
PANEL 29-01012 - Engineering Drawing 30489
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IV. 2. 29-01012 Test Panel: (Cont'd)

an .020"1 doubler on both sides of the web as shown in Figure E-9 (page 256).
The. -7 skin was straightened and a . 090"1 thick frame was welded along the
edge. The repaired specimen was remoanted in the fixture and a load
block added to apply a compressive load to the -25 cap as shown in
Figure E-6, section B-B. In addition, a retaining bar was placed against
the skin at the loaded ends to prevent column buckling (see Figure E-6,
section B-B).

3. 29-01018 Test Panel:

The specimen was mounted in the test fixture as shown in Figures E-10
and E-11 (pages 257 and 259). The -21 web was attached to the load fixture
as shown in Figure E-10, sections A-A and C-C. Figures E-12 and E-13
(pages 260 and 261) show the specimen and test fixture as mounted in the
compression heads.

Thermocouples were mounted on the heated side of the panel at three
locations as shown in Figure E-14 (page 262). Heat was applied to the un-
stiffened side of the panel by tubular, quartz, infrared lamps having a maxi-
mum heating capacity of 700 BTU/min. /sq. ft., Figure E-15 (page 263 ).
The lamp bank produced a constant thermal flux over the entire heated sur-
face of the specimen. No attempt was made to heat the test fixture or
compensate for edge cooling and chimney effect, caused by natural convection
inside the lamp bank. Power to the lamps necessary to produce the correct
specimen temperature was controlled as a time -temperature function by a
Research, Incorporated heat programmer, utilizing thermocouple No. 2
as the control thermocouple. See Figure E-14 for thermocouple locations.
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Figure E-10 - INSTALLATION OF COMPRESSION TEST PANEL 29-01008
Engineering Drawing 30487
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Convair Print 58696
Figure E-12 - SPECIMEN AND TEST FIXTURE; Mounted In Compression

Heads of Test Machine.
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Figure E-13 - PANEL TEST SET UP; A General View.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Assemblies

E. COMPRESSION PANEL - ELEVATED-TEMPERATURE STATIC TEST

V. TEST PROCEDURE

The following procedure was followed for all specimiens tested:

Limit load and pressure were applied at room temperature, 200 F, and
at increments of 100 F thereafter through 800 F.

With a temperature of 800 F maintained and limit pressure applied,
load was increased until failure occurred.

VI. TE ST LOADS

The following design limit loads and pressures at 800 F were calculated
prior to testing:

Design Limit Pressure Design Limit Load
Specimen No. (PSIG) (lb)

29-01009 10 28,000

29-01012 4 36,700

29-01008 10 37,800

VII. TEST RESULTS

1. 29-01009 Test Panel:

Tile 29-01009 panel failed with limit pressure of 10 psi applied and a
compressive load of 79, 000 pounds. Failure is shown in Figures E-16
and E-17( (pages 266 and 267). The failure was due to compressive buckling
of the -7 stringers and also the -13 and -15 stiffeners.
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VII. TEST RESULTS (Cont'd)

2. 29-01012 Test Panel:

After the initial repair was made, the specimen failed with limit pres-
sure of 4 PSIG applied and a compressive load of 72, 000 pounds. The
primary failure was due to compressive buckling of the -7 skin, Figure
E-18 (page 269 ), followed by a secondary failure of the weld between the
-23 web and -25 caps, Figure E-19 (page 270). See Figure E-20 (page 271)
for an over-all view showing general location of the weld failure.

3. 29-01008 Test Panel:

The 29-01008 panel failed with limit pressure of 10 PSI and a compres-
sive load of 36,500 pounds. Failure was due to compressive buckling of
the -19 spar followed by a secondary tension failure in the -35 attaching
screws. See Figures E-21 and E-22 (pages 272 and 273).

V]I.DISCUSSION

Panel deflection and compression head movement, as determined by
dial indicators, did not indicate any local buckling or failure prior to the
ultimate failure of the panel. Test data indicated that the effect of tem-
perature upon deflection of the panel when loaded to limit load was negli-
gible. Therefore, this deflection data is not presented in this report.

IX. CONCLUSIONS

The specimens withstood design limit load and pressure at room tem-
perature, 200 F, and increments of 100 F thereafter through 800 F. No
failure was evident.

All panels failed at loads exceeding design ultimate.
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Convair Print 66534

Figure E-18 - STATIC FAILURE OF 29-01012 PANEL;
Due to Skin Buckling, 4 psi at 36, 000 lbs & 800F.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Assemblies

E. COMPRESSION PANEL - ELEVATED-TEMPERATURE STATIC TEST

X. STRUCTURAL DISCUSSION

The results of the compression test specimens and the method of test
set-ups make it difficult to determine which is the most efficient panel
design. The panel failing loads and weights are given below. All ultimate
tests were rn at 800 F.

Pressure
Panel Compression Load
No. Specimen Load (lbs.) (lbs/sq. in.) Weight (lbs.)

1 29-01008 86,500 10 13.6

2 29-01009 79,000 10 10.7

3 29-01012 72,000 4 8.3

In Panels 1 and 3 the pressure load is reacted by the corrugated spar webs
in tension. These loads are beamed to the spar webs by the face sheet
corrugations and the face sheets. This test set-up resulted in stresses
due to pressure which are 90 degrees removed from the primary compres-
sion load stresses. In these two panels the pressure is partially stabilizing
the structure, however, this effect is negligible at ultimate load. In con-
trast, the pressure load on Panel No. 2 is directly adding to the stresses
on the inboard leg of the stringer material. At failure of the -9 stringers
in crippling, 72% of the load was due to primary compression and 28% was
from bending duo to pressure. This type of panel is probably best for
resisting compression loads. Intercostaling of the skin is somewhat diffi-
cult at the stringer spacing shown, and the production costs are probably
a little higher.

In Panel No. 3 design and production would be difficult at rib stations
or bulkheads where the cross members must have continuity through the
sine wave spar webs. Intercostling of the skin would probably be acrom-
plished by the skin corrugations in bending, which would seem to ).e too
flexible for good design.
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X. STRUCTURAL DISCUSSION (Cont'd)

Panel No. 1 has most of the disadvantages of Panel No. 3. In addition
to a weight penalty, the only desirable feature of Panel No. I is the ability
to remove the skins and corrugations from the sub structure by means of
screws or other fasteners.

1. Discussion of Stress and Allowables:

In Panel No. 2 the -9 stiffener and its effective skin has the following
calculated properties:

A = .1749 sq. in.

Z = .386 in. (from inside skin surface)

I = . 0327 in4

The compressive load/stiffener = 7900 lbs.

The bending mom./stiffener = 770 in. -lbs.

Then,

f 7900 + 777 (1.12 - .386)

c .1749 .0327

= 62,800 lbs/sq. in.

(Outboard element of -9 stiffener)

2J. &c allow.ble calculator from the formula K E (t/6) gives very close
results, if the element is considered fixed at the ends and simply supported
at the edges. This assumption sets K = 3.62.

Then,

6 2F = 3.62 (13.4 x 106) (.025/.70) = 61,900 lbs/sq. in.

("E" at 800 F)
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X. 1. Discussion of Stress and Allowables: (Cont'd)

In Panel No. 3 the radius of gyration, p, of the skin is

t
= .00777 in.

L .5 322
p - [2 (. 00777)]

(For c = 4; or fully fixed at each corrugation)

Then,
2

F = F [ '

(Johnson formula with Fcy substituted for F co)

F -- 119,000 -119,000 (32. 2}) 91,000 lbs/sq. in.
e 4 213.4x1061

(Note: All values at 800 F)

Assuming that -25 plate and 1 inch of -23 web is effective at F stress

levels, then the calculated compression load carrying ability of 29-1012
panel is: 28.5 (.020) 91,000+ 2 (.040) 1.3 (119,000) + 2 (.020) 1.0(119,000)
69,040 lbs.

This calculation compares favorably with the ultimate compression load
of 72, 000 pounds that failed the panel,
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy" Assemblies

F. TAIL CONE - STATIC AND FATIGUE TESTS

I. INTRODUCTION

The Fuselage Tail Cone is a conversion to Ti-4Al-3Mo-lV alloy of the
F-102A Interceptor, Part No. 8-73490, Tail Cone Assembly. The original
part contained 2024-T81 clad aluminum alloy, type 321 stainless steel,
commercially pure titanium, and some titanium alloy.

The objectives of the program were to determine:

The load carrying characteristics of a titanium fuselage tUil cone
assembly at various temperatures through 900 F.

The fatigue strength of the assembly at 800 F.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Allay Assemblies

F. TAIL CONE - STATIC AND FATIGUE TESTS

IL. SUMMARY

A titanium Fuselage Tail Cone Assembly was tested statically to limit
load and in fatigue at several loads from 66. 6% limit load to design ultimate
at temperature.

In the static test, load was applied in 20 per cent steps up to limit
load at room temperature, 200 F, 300 F, 400 F, 500OF, 60OOF, 700 F,
800 F, and 900 F with no apparent failures.

The fatigue test consisted of 2,500 cycles each at room temperature,
200 F, 400 F, and 600 F; and 100, 000 cycles at 800 F at 66. 6% limit load,
50, 000 cycles at limit load, 25, 000 at 1-1/4 limit load and 17, 375 at
150% limit load (design ultimate), at 800 F with some minor structural
failures.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Nssemblies

F. TAIL CONE - STATIC AND FATIGUE TESTS

III. TEST SPECIMEN

The test specimen was manufactured according to Engineering Draw-
ings 29-01001 and 29-01002, Figures F-1 and F-2 (pages 285 and 287 ).

The specimen was made entirely from Ti-4A1-3Mo-1V alloy except
for the fairing tips which were spun from type 321 stainless steel.
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Figure F-i - FUSELAGE TAIL CONE ASSEMBLY -
Engineering Drawing 29-01001
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Figure F-2 - FAIRING INSTALLATION; Fuselage Tail Cone Assembly -

Engineering Drawing 29-01002
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy-Assemblies

F. TAIL CONE - STATIC AND FATIGUE TESTS

IV. TEST PROCEDURES

The test specimen was attached to a steel plate by four bolts, simu-

lating an actual installation.

Test loads were applied through 108 points uniformly distributed over
the surface of the specimen as shown in Figure F-3 (page 290). The loads
were applied to the specimen skin by eyebolts through the skin into
1/2"1 x I" steel blocks cushioned by pieces of asbestos blanket.

The static test load (limit load) was applied in 20 per cent increments
and deflections taken. Permanent set was measured at 10 per cent load
after each increment. Deflections were taken at four points on the skin.
These points were 3-1/2"' forward of the exit nozzle: one at each end of the
flight vertical and horizontal axes. The purpose was to detect diameter
changes. The complete load sequence was run at room temperature, 200 F,
300 F, 400 F, 500 F, 600 F, 700 F, 800 F and 900 F.

The first fatigue test load was 2/3 limit load. This load was applied
2,500 times at each of the following temperatures: room temperature,
200 F, 400 F, and 600 F. The same load was then applied 100, 000 times
at 800 F. Full limit load was applied 50, 000 times at 800 F. 125% limit
load (83. 3% design ultimate) was applied 25, 000 times at 800 F. 150%/ limit
load (design ultimate) was applied 17, 375 times at 800 F.

Dur W1 LaLlAue LeOSUL, M±ILL. load wa a.p ajejd±at, 11he at aff 5i 0 tazmc.s

per minute. Full limit load was applied at 30 times per minute, 125% limit
load at 25 times per minute, and 150%/ limit load (design ultimate) at 20
times per minute.

Heat was applied by a conical oven within the specimen, simulating
heat from a jet engine, as shown in Figure F-4 (page 291). The specimen
was covered with an asbestos blanket, Figure F-5 (page 292), to reduce
heat loss and help maintain an even temperature distribution. Quartz in-
frared lamps were used to provide heat. They were controlled by a
Research, Incorporated heat programmer. Four channels of heating were
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Figure F-3 - FUSELAGE TAIL CONE IN TEST FIXTURE;
With Whippletrees Attached.
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IV. TEST PROCEDURES (Contt d)

used: one each at the top and bottom and two sharing the center portion.
A channel consists of a lamp bank, a controller, and a thermocouple
attached to the specimen under the lamp bank. The accuracy of the tem-
perature is dependent only on the accuracy of the thermocouple.

V. TEST LOADS

Load for the static test was design limit load which is defined in
Convair Report S-GEN-84 "Titanium Development Program" as a combina-
tion of maneuver shear and moment and internal pressure (condition 3).

Fatigue load was 66. 6% of limit load for the first 110, 000 cycles and
was raised subsequently on instructions from Convair Structures Group
in order to obtain failures in the specimen structure.

VI. TEST RESULTS AND DISCUSSION

The deflection and set data from the static test may be found in
Figures F-6 through F-23 (pages 294 through 311). There was no apparent
damage after the static test.

During the fatigue test, the Fuselage Tail Cone Assembly withstood a
total of 202, 375 cycles of loads which ran from 2/3 limit load to 150%/- limit
load (design ultimate) at 800 F. The assembly would still carry the load,
although three internal ribs had failed and another was about 80% failed.
The three failed ribs are shown in Figure F-24 (page 312), and the
partially failed one in Figure F-25 (page 313). Figure F-26 (page 314) shows
their relative locations.

Several cracks started in the skin adjacent to riv-ets noar" the nozzle
end of the Tail Cone during the 125% limit load testing at 800 F. These
are shown in an over-all view in Figure F-27 (page 315). Figures F-28,
F-29, and F-30 (pages 316 ,317 and 318) show details of these cracks;
left, middle, and right, respectively, as compared to Figure F-27. The
cracks were located in a lightly loaded area (48 pounds per load point)
while diametrically opposite there were no cracks with up to 101 pounds
per load point. An investigation showed that the cracked skin had a hydro-
gen content of about 190 PPM. This was about the highest of all skins used
on the Tail Cone. The load points adjacent to these cracks were then moved
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Figure F-24 - DETAIL VIEW SHOWING THE THREE FAILED RIBS AND
TORN OUT SECTION.
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Figure F-25 - DETAIL VIEW SHOWING PARTIALLY FAILED RIB.
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VI. TEST RESULTS AND DISCUSSION (Cont'd)

to the rib where holes were drilled between rivets putting the load directly
into the rib itself and testing continued.

After a total of 202, 375 cycles, one of the loading blocks (1/2"t x 1")
pulled out a 2-1/2" x 3" piece of skin. This skin failure is shown in detail

in Figure F-24. Figures F-26 and F-27 show its location relative to the

other failures. Testing was discontinued at this point.

VII. CONCLUSIONS

1. The load carrying characteristics of the Fuselage Tail Cone Assembly,
as determined by the deflection/set curves, are not materially affected by
temperatures up through 900 F although deflections did increase slightly

with temperature.

2. The Fuselage Tail Cone Assembly withstood 202, 375 cycles of load,

including 17. 375 at design ultimate at 800 F, without major structural

failure.
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Volume V - Structural Evaluations of Titanium Alloy Assemblies

G. PLATE STRINGER COMPRESSION PANELS

1INTRODUCTION

The type of test structures reported herein were skin and stringer
combinations which represent sections of an airframe wing skin. Three
different test configurations of these structures were fabricated. Each of
the test structures represented varying degrees of difficulty of fabrication
and strength. This report presents the results of testing the three con-
figurations of skin and stringer combinations as edge compression members.
Flight parameters for a type of future aircraft were duplicated, as closely
as possible. These flight parameters are axial compressive load, internal
pressure and temperature.
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G. PLATE STRINGER COMPRESSION PANELS

II. SUMMARY

Three configurations were selected for evaluation of Titanium Alloy
B-120 VCA as fabricated in typical wing structure. The three specimens
were designed to be representative of typical plate stringer geometry.
Each specimen consisted of three continuous 18. 0 inch bays subjected
to edge compression and internal pressure.

The analysis to predict their strength assumed each bay to act as a
simple beam column having an end column fixity equal to 1. 0. The mater-
ial properties used in the analysis were based on available typical proces-
sing results obtained from Convair data for room temperature. The
elevated temperature effects were derived by using a percentage
deterioration factor estimated from data in DMIC Report 110.

The ultimate strength test loads have been correlated with the analyti-
cal method and the test data fitted on the design curves reasonably well.

The test unit strength-weights of the configurations tested based on the
weight per square foot for a load of 10, 000 pounds per chord inch are:
3. 0 lbs/sq. ft, 3.29 lbs/sq. ft., and 2. 52 lbs/sq. ft. for the -1, -3, and

-5 specimens, respectively. These values do not reflect the fact that the
-1 carried 4. 7 PSIG at failure, the -3 carried 4.9 PSIG and the -5 carried
0 PSIG at failure. Th- theoretical strength-density for a 10, 000 pound
lead per chord inch in combination with 9 PSIG pressure is 3. 8 lbs/sq. ft,

4.67 lbs/sq. ft., and 3.09 lbs/sq. ft. for the -1, -3, a-d -5 specimcns,
respectively.

From a strength-weight standpoint the -5 specimen appears to be
superior and its relative weight decreases as the internal pressure in-
creases. The -3 specimen appears to be the least efficient and its relative
weight increases as the pressure increases.

The 3. 09 lbs/sq. ft. is equivalent to an aluminum panel operating at a
gross average stress of 46,700 PSI which indicates that the titanium struc-
ture is essentially as efficient at 600 F as the aluminum is at room tem-
perature for the load intensity compared.
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G. PLATE STRINGER COMPRESSION PANELS

III. DESCRIPTION OF TEST SPECIMENS AND METHOD OF TESTING

1. Test Specimens:

Three skin and stringer combination specimens were fabricated of the
same thickness skin but with three different stringer shapes. The material
used for all parts was Titanium alloy B-120 VCA. All of the specimens
were of the same length. The three stringer shapes were "I", "J". and
"Y" sections. The "I" section stringer was fabricated by fusion "elding
the top and bottom flanges to the web section. The shape was then spot-
welded to the specimen skin. The "J" section was fabricated in two
sections. One section was constructed similar to the shape of a channel
section but of unequal flange width. The other sedtion was constructed
similar to a channel section. These two parts were made into an assembly
by spotwelding the twvo parts back-to-back. The section was then spot-
welded to the skin. The "Y" section was constructed from three parts.
Two of the parts were constructed from the same shape by welding two
sections back-to-back. These two sections were the same shape as the
channel used for the "J" section. The third part of this stringer shape
was a doubler cap spotwelded to the lower flanges of the "Y" section. This
assembly was then spotwelded to the specimen skin. The specimen con-
taining the fusion welded "I" section contained seven stringers, constructed
on 2. 00 inch centers, and was designated as -1 specimen on the manufac-
turing drawing shown in Figure G-1 (page 327). The finished test specimen
is shown in Figure G-2a (page 329). The specimens containing the "J'
and "Y" sections contained five stringers, constructed on 2.50 inch centers
and were designated -3 and -5 specimens, respectively, on the manufac-
turing drawing shown in Figure G-1. The finished test specimens are

shown in Figures G-2b and G-2c, respectively, (page 329).

At four locations along the length of the specimens structural shapes
were spotwelded to the back flanges of the stringers. These structural
shapes represented wing rib caps and were used to react pressure loads on
the structure as well as restrain the skin and stringers from buckling.
These rib cap shapes were located symmetrically about the center of the
specimens and on 18. 00 inch centers.
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Figure G-1 - PANEL - PLATE STRINGER; Engineering Drawing 29-01015
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III. DESCRIPTION OF TEST SPECIMENS AND METHOD OF TESTING (Cont'd)

2. Test Progra:

Each of the test specimens was subjected to a specific test program.
This program contained the parameter of pressure and temperature and
axial compressive load representative of those to be encountered in high
speed flight. The test program is outlined in Table G-1, below.

Axial Compressive Load (lbs)Pressure______________-
Condition Temperature (PSIG) -1 -3 -5

I Room Temp. 9 79,500 57,700 126,000

II 200 F 9 73,300 51,300 113,334

I1 400F 9 73,300 51,300 113,334

IV 600 F 9 73,300 51,300 113,334

V 800 F 9 60,700 45,300 96,667

VI 900 F 9 60,700 45,300 96,667

VII 600 F 9* Failure Failure Failure

During the test of the -5 specimen to failure, the internal pressure
was reduced to 0 PSIG.

During each of the above test conditions the axial compressive load
was increased in O% increments up to the load shown. For the test to
failure the load was increased in 20% increments to the load shown and
then in 10% increments to failure.

3. Test Setup and Methods:

a. Axial Compressive Load -

The specimens were tested in a 400, 000 pound Baldwin Southwark
Universal Test Machine. The compressive load was applied by the loading
head of the machine and reacted by the fixed head of the machine. The
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111. 3. a. Axial Compressive Load - (Cont'd)

reaction head of the testing machine was adjusted flat and parallel to the
loading head within plus/minus . 001 inch. The specimens also had the
stringer ends of the assemblies ground flat and parallel within plus/minus

001 inch. For setup work the specimens and test fixture were supported
by the test machine columns. However, during testing the specimens
were held in the test machine by the load on the ground ends of the speci-
mens. The test assembly in the test machine is shown in Figures G-3
and G-4 (pages 332 and 333).

b. Pressure Load -

To apply internal pressure simulating pressurization of a wing fuel
tank, a special test fixture pressure box was constructed. The pressure
box was constructed of 8. 00 inch s,,eel channel sections. The ends of the
pressure box were set in from the ends of the side members. These ends
were set in so that the end seal on the box was 4. 00 inches from the end
of the specimen. This pressure box was mounted on the specimen in a
manner that allowed pressure to be applied to the stringer side of the
specimen. To react the pressure load the specimens were tied to the
pressure box through the rib caps on the back of the stringers. The
method of attaching these rib caps is shown in Figures G-5 and G-6
(pages 334 and 336). This type of attachment allows the pressure to be
reacted by tension in the tieback straps. To minimize the effect of these
straps carrying part of the compressive load into the pressure box, the
straps were made of thin layers of stainless steel. To react the press~ure
load on the edge of the specimen skin a special retainer was constructed.
The retainer was constructed of 6. 00 inch channel sections and matched
tile pressure box. The retainer was mounted on the skin side of the test
assemblies and connected to the pressure box by bolts through the flange
of the pressure box. This bolt attachment was outside the area of the
specimen and, therefore, made no direct connection to the test specimen.

The assembly of Lne pressure box and retainer resulted in a clamping
action on the specimen skin. This clamping action was adjusted to produce
a light fit between the skin and the fixture. In addition to reacting the
skin pressure lotd the clamnping of the skin also prevented local buckling
at the edge of the skin by affording a straight ridge guide. Also, since
the attachment of the two fixture parts was a light fit the test specimen
was allowed to develop the full compressive strain with only an infinitesi-
mally small amount of strain being fed into the fixture through friction. In
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fit

Convair P~rint 67670

Figure G-3 - TEST SPECIMEN AND FIXTURE ASSEMBLY IN THE TEST
MACHINE; View From Thie Treated Side.
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Convair Print 67672

Figure G-4 - TEST SPECIMEN AND FIXTURE ASSEMBLY IN THE TEST
MACHINE; Viewed From The Back of The Pressure Box.
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Figure G-5b - TYPICAL TEST SET UP; Side View.
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Convair Print 66584Figure G-6 - TYPICAL TIEBACK STRAP INSTALLATION;
For.Reacting Pressure Load.
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f II. 3. b. Pressure Load - (Cont'd)

addition to the light fit, the flat surfaces of the pres-sure box and retainer
flanges were machined to produce a narrow contact area between the
fixture and the specimen. This contact area was 3/16 inch wide and
extended the full length of the fixture as well as across the full width of
the ends. The resultant effect of the machining was a reduction of the
contact areas.

During the test of the -1 specimen the distance between the contact
areas on the fixture was 16. 00 inches. This width allowed the same
spacing between the edge stringer and the pressure box as existed between
the stringers. For the test of the -3 and -5 specimens special bars were
attached to the pressure box and retainer which reduced the distance
between the contacts to 15. 00 inches. These spacer bars also had the
machined contact areas the same as the pressure box flange. By reducing
the distance between the contact areas, the effective width of the fixture
was reduced. This reduction allowed the same spacing between the edge
stringer and the box as between the stringers for the -3 and -5 specimens.

c. Heat Source -

The flat skin side of the specimens only was heated during testing.
Heating was accomplished by using the special pressure box retainer as a
mounting for the heating devices. The heating devices were twenty-eight
2500 waiL infrared heat lamps. The heat lamps were built into the pres-
sure box retainer by welding two 6. 00 inch steel channel sections to the
top of the retainer. This channel section then provided a mounting for
the heater clips and buss bars. The heat lamps were extended through
holes, located on 2. 00 inch centers, in the web of the retainer channels.
Gold plated U~aWiOuit b ~teel reflectors were mounted aroundthII,^inSide o
the retainer. Gold plated reflectors were also used across the open side
of the retainer to enclose the heat lamps and produce a partial oven effect.
Figure G-7 (page 338) shows the heat lamps as well as the reflectors
installed in the retainer. The top and bottom of the retainer were not
sealed to produce a complete oven effect. These ends were left open so
the chimney effect of the heating could be reduced by venting some of the
hot gases that accumulated at the top of the oven when the whole assembly
was vertical in the test machine.
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IMI. 3. c. Heat Source - (Cont'd)

The heat lamps were divided into three bays for control purposes.
Each heat bay covered one-third of the total effective test area. The
temperature of the specimen was controlled by controlling the electric
power to the heaters. To control this power the heat lamps were connected
to three control channels of a twelve channel Research, Inc. Heat Control
Programmer. In the center of each of the three heat bays a thermocouple
was spotwelded to the test specimen skin. This thermocouple was spot-
welded to the skin between the stringers so that the heat sink effect would
be negligible. The thermocouple was then connected to the heat program-
mer to provide a control feedback voltage. The control voltage was
summed with a voltage representing the desired temperature. The re-
sultant different voltage or error signal was then used to control the power
output of three channels of 480 KVA ignitron power controllers. The heat
lamps in each of the control bays provided a uniform heat flux over the entire
surface of the heat bay. No attempt was made to apply uniform tempera-
ture over the heat bay.

d. Instrumentation -

Each of the test specimens was instrumented with thermocouples
for measuring the temperature distribution across the test panel, deflec-
tion wires for determining the deflection of the panel normal to the com-
pressive load, and strain gages to determine the strain distribution as well
as indicate the start of buckling. The locations and numbers of each type
of instrumentation are presented as follows:

e. Deflections -

Twenty-sever deflection wires were attached to the - 'A. c-cimen

and twenty-five wires were attacbed to the -3 and -5 specimens. Ten of
the deflections were reference points and measured deformation of the
test fixture. The remaining deflection locations determined the deflections
along the length as well as across the width of the specimens. Each of
the deflection wires was connected to a cantilever beam strain gaged de-
flection indicator. The deflection indicators are shown in Figure G-8
(page 340). In addition, the movement of the loading head of the test
machine was recorded. This deflection was indicated on a 1. 00 inch
travel dial indicator. All deflections except the dial indicator were re-
corded on a remote indicator. The locations of the deflection points are
shown in Figures G-9 and G-10 (pages 341 and 342).
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Figure G-8 - DEFLECTION BEAM SET UP; Adjacent to the Test Machine.
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III. 3. Test Setup and Methods: (Cont'd)

f. Thermocouples -

Chromel-alumel thermocouple wires were attached to each of
the test specimens; i.e., twenty on -1 and fourteen on -3 and -5. These
thermocouples were resistance spotwelded to the specimen to form a
split junction. This type of junction is formed by spotwelding each wire
individually to the skin at a maximum distance of 1/16 inch apart. The
thermocouple therefore contains two junctions; i. e., one junction of
Chromel-Titanium and the other junction of Titanium-Alumel. Since the

titanium sheet is used as a connecting part of the electric circuit the
effect of the two junctions resolves to the output of a Chromel-Alumel
junction. This type of thermocouple installation provides the most

accurate temperature of the skin surface since the skin is part of the
electric circuit. Each of the thermocouples was connected to a 150 F
reference junction and then connected to a remote indicator. The locations
of the thermocouples on each specimen are shown in Figures G-11 and
G-12 (pages 344 and 345).

g. Strain Gages -

Ten strain gages were attached to each of the test specimens.
The strain gages were attached by resistance spotwelding. Five of the
strain gages were attached to the specimen skin on the centerline of the
stringers. For the -1 and -5 specimens the second five were attached
to the back flange of the stringer on the centerline. The -3 specimen
stringer back flange was shaped in the form of the bottom of a "J".
Therefore, the second five strain gages were attached to the bottom leg
of the "J" section. 20 inches from the centerline of the stringer. The
ccatons of thte gages are shown in Figures G-13, G-14 and G-15
(pages 346, 347 and 348). Each of the strain gages was wired as a
single legged bridge and was connected to a remote indicator.

h. Data Recording -

All instrumentation was connected to a remote recorder. This
recorder was the Data Acquisition and Interpretation System (DAISY I)
shown in Figure G-16 (page 349,350).This recording system has the capa-
bility of recording 400 channels of data simultaneously with a maxim..m
sampling rate of four samples per second for each of the 400 channels.
The data gathered by this system was digitized and placed on tape for read-
out after completion of the test. After completion of the test the data from
each instrumentation device was plotted from the tape on an X-Y plotter.
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Figure G-12 - THERMOCOUPLE LOCATIONS;
29-01015-3 & 29-01015-5 Panels.
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TITANIUM DEVELOPMENT PROGRAM

Volume V - Structural Evaluations of Titanium Alloy Assemblies

G. PLATE STRINGER COMPRESSION PANELS

IV. DISCUSSION OF TEST RESULTS

1. Specimen 29-01015-1:

The test specimen sustained all of the imposed test conditions up to
900 F without adverse effects. The temperature was then returned to
600 F. The test load was then increased in increments toward failure.
When the load reached 100, 000 pounds the internal pressure leakage be-
came excessive and resulted in a gradual los-s of pressure. As the test
load was increased the pressure loss becar.. greater and resulted in a
linear drop in pressure to 4.9 PSIG at failure. The test specimen failed
at 149, 000 poui,.As compressive load. The specir.,en failure occurred in the
approximate center of the lower bay. Failure occurred as a result of the
buckling of the stringer inner flange. in addition, four of the seven
stringers showed shear failures of the stringer webs. The details of this
failure are shown in Figure G-17 (pag. 352).

The results of this test were projected onto the Stress Ratio Diagram
shown in Figu ., G-18 (page ., ;3). The oss of internal pressure was taken
into account in projecting #-,ese resu",ts, The test points on the diagram
indicate that the specimer exceeded design expectations with a margin of

safety c.plus .146.

2. Specimen 29-01015-3:

This test specinmen s,,t -n-,,",a' of , -he imposed-. test condi .ions 1u1. to

900 F without adverse effects. When the specimen was loaded to failure
excessive pressure leakage started at approximately 75, 000 pounds load.

As the test load was increased beyond this point, the internal pressure
leakage increased until failure occurred. At failure the internal pressure

was 4.9 PSIG. The test specimen failed at 122, 000 pounds compressive
load. The specimen failure occurred in the approximate center of the
upper bay. Failure occurred as a result of buckling of the stringer inner
flange and shear of the stringer web. This failure is shown in Figure G-19
(page 354). After the test unit was failed a manufacturing defect was
observed. This defect was the lack of 7. 0 inches of spotweld directly
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IV. 2. Specimen 29-01015-3: (Cont'd)

under the rib cap attachment between the center and the upper bays.
These spotwelds were the stringer to skin attachment. The stringer that

was not spotwelded was adjacent to the center stringer. The failure of

the specimen occurred in this region. However, since the failure did
not occur directly through the center of the unspotwelded section, the

effect of the lack of spotwelds is unpredictable.

The results of this test were projected onto the Stress Ratio Diagram

shown in Figure G-20 (page 356). The loss of pressure was also taken

into account in this projection. The test points on the diagram indicate

that the specimen exceeded design expectations with a margin of safety

of plus .185.

3. Specimen 29-01015-5:

This specimen sustained all of the required conditions. During the

failure test on this specimen no internal pressure was applied. The test

specimen failed at 198,800 pound compressive load. This specimen

failure occurred in the approximate center of the upper bay. Failure
occurred as a result of buckling of the skin and shear failure of the

stringer web. As a result of these failures the stringer inner flange

also failed. The details of this failure are shown in Figure G-21 (page 357).
The results of this test were also projected onto the Stress Ratio Diagram
in Figure G-22 (page 358). The test points on this diagram indicate that

this panel also exceeded design expactations with a margin of safety of
plus 073.

4. Discussion:

During the tests of each compression spacimen deflections normal
to the skin was recorded. These deflections included the deflection of the
specimen as well as the movement of the fixture a, I the test machine

relative to the deflection indicator rack. The deflection data was reduced
to remove all the extraneous deflections and leave only the true deflections

relative to the test fixture. After data reduction tLe deflection data proved
to be small and within the range of test data scatter. Since this data was

small and showed no trends relative to the test temperature, this data

is not recorded in this report.

355



CONVAIR, SAN DIEGO

co

4 4

C4 to4

0 CCD

0 t -4

Q too
___ __ ___ __ to___ U _ _ 0

CD

C-4-
-

rii-to

( CD 0

o 0 61.
0 L -4E-4

CI

C)0 00
. 06 0 ~0 0 

C,~~ b.0 0L -0 0,

C:-) V-4

CD~~t 
CD) D D C

/-' 0 0D

).~ x 'co

~C

Ci 4 $w~

w *oo
CD cn , CD 0 .C D CD 0

of C) CO E

C356



CONVAIR, SAN DIEGO

* Cd

-4

-4

C.)

to
Cd

P4 4

00

r4

0357



CONVAIR, SAN DIEGO

+

00

trto

501)

141

qj4 0

CI CI Ci) 0

00

C !0

C\3~

0 00

0 00

CoD

0
0o 0 C13

C13 C) 0 MN 0 00
E. CD .3E. C3 '

P4 4 cc~L

00

358



CONVAIR - SD

IV. 4. Discussion: (Cont'd)

The strain gages located on the stringer sections showed that all
stringers on all specimens were loading evenly and uniformly up to the
point where a stringer strain started decreasing disproportionately indi-
cating an imminent failure. The strain indicated by the strain gages
compared closely to the aualytic strain based on the compressive modulus
as determined by coupons from the test assemblies. Figure G-23 (page 360)
shows the average strain versus applied compressive load for each speci-
men during the failure tests at 600 F. By taking into account the change
of the compression modulus (E.) with temperature the modulus calculated
from the indicated strain is within 8. 2% of the theoretical adjusted value,
Figure G-24 (page 361). Table G-2, below, shows the percentage dif-
ference between these values.

Table G-2

STRAIN GAGE INDICATED MODULUS VS. COUPON MODULUS

Arbitrary Specimen Strain
Specimen Lary os m in/in Indicated CouponSpecimen Load GrossE 600F

Dash No. lbs. Area xl0 c c % 600 F

-1 102,620 1.81 3866 14,600,000 15,900,000 -8.2

-3 90,600 1.71 3227 16,400,000 15,600,000 +5.2

-5 128,000 2.11 4035 15,000,000 15,200,000 -1.33

The thermocouples located on the skin and the inner stringer flanges
showed that the temperature transport properties of the three stringer
configurations were approximately the same up to 600 F. At 600 F the
temperature differences start diverging indicating that beyond this
point the stringer conductivit, shape factor is becoming more effective
in determining the transport properties. The skin temperature over the
stringer centerline versus the difference between this temperature and
the inner flange temperature are shown in Figure G-25 (page 362). The
graphs of this figure indicate that anyone of the three types of stringers
will conduct approximately the same amount of heat to the inner structure
up to 600 F. Therefore, the selection of a stringer design cannot be
determined by the temperature transport properties of these configurations.
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Attn: J. Ferderber Manufacturing Manager
2060 E. Imperial Highway Marietta, Georgia
El Segundo, California

Lycoming Division
Hughes Aircraft Company AVCO Manufacturing Corporation
Attn: D. F. Davern Attn, Mr. W.A. Panks

Chief Tool Engineer Superintendent, Mfg. Engrg.
Tucson, Arizona Stratford, Connecticut

Jack & Heintz, Inc. Marquardt Aircraft Company
Attn: Jack L. McGinnis 16555 Saticoy Street

Assistant Works Manager Attn: Mr. John D. Liefeld,
17600 Broadway Director of Manufacturing
Cleveland 1, Ohio Van Nuys, California

Lear, Inc. Marquardt Aircraft Company
Attn: A. F. Haiduck, Executive Vice Box 670

President - Manufacturing Attn: Mr. Eugene L. Klein,
110 Ionia, N.W. Chief Manufacturing Engr.
Grand Rapids, Michigan Ogden, Utah

Lear, Inc. McDonnel Aircraft Corporation
Lear Romec Division Attn: A.F. Hartwig, Chief
Attn: W.T. Miles, Industrial Engineer

Production Manager Lambert
Abbe Road St. Louis Municipal Airport
Elyria, Ohio St. Louis 3, Missouri

Lear, Inc., Learcal Division North American Aviation, Inc.
Attn: D.W. Dressel, Attn: W. E. Fore, Plant Engineer

Factory Manager International Airport
3171 S. Bundy Drive Los Angeles 45,
Santa Monica, California California



CONVAIR - SD

CORPORATIONS (Cont'd)

Northrop Aircraft, Inc. Sikorsky AticrafL Division
Attn: F.W. Lloyd, Vice. Pres. - Mfg. United Aircraft Corporation
1001 E. Broadway Attn: Alex Sperber, Factory Manager
Hawthorne, California North Main Street

Stratford, Connecticut
Parker Aircraft Company
Attn: Robert H. Davies, Vice Pres. Solar Aircraft Company
17352 Euclid Avenue Attn: J.A. Logan, Manager
Cleveland 12, Ohio Facilities Division

2200 Pacific Highway
Pratt & Whitney San Diego 12, California
United Aircraft Corporation
Attn: Mr. W. P. Gwinn Solar Aircraft Corporation,
Hartford 3, Connecticut Attn: William Dixon, Manager

Production Engineering Division
Radloplane Company 1900 Bell Avenue
Attn: F.D. Murphy, Manager Des Moines 5, Iowa

Engineering Adm. Department
8000 Woodley Avenue Sperry Gyroscope Company - Div. of
Van Nuys, California Sperry Rand Corporation

Attn: G.A. Riohroath,
Rem-Cru Titanium, Inc. Vice Pres. of Manufacturbng
Attn: Dr. W. C. Finaly Great Neck, New York
Midland, Pennsylvania

Temco Aircraft Corporation
Republic Aviation Corporation Attn: V. N. Ferguson, Mfg. Manager
Attn: Adolph Kastelowitz, Chief, P.O. Box 6191

Mfg. Engineering Dallas, Texas
r .min coa.e, Ln t-ter Tola , t .

Temoo Aircraft Corporation
Rohr Aircraft Corporaion Engineering Library
Attn: Burt F. Raynes, Vice Pros. Mg. Department 413D
P.O. Box 878 P.O. Box 6191
Chula Vista, California Dallas, Texas

Ryan Aeronautical Company Tebnoo Aircraft Corpra tiQ
Attn: Lawreqce M. Limbach Attn: E.F. Bushril*.

Vice President, Manufacturing Plant Manager
2701 Harbor-Drive P.O. Bo, 1056

San Diego 12, California Greenvile, Texas



CONVAIR - SD

CORPORATIONS (Cont'd)

Thiokol Chemical Corporation Westinghouse Electric Corporation
Reaction Motors Division P.O. Box 228 ACT Division
Attn: Contracts Department Attn: Mr. E.C. Sedlack,
Danville, New Jersey Works Manager

Thompson Products, Inc. Kansas City, Missouri
Attv Emil F. Gibian, Staff

Director, Ind. Engineering Westinghouse Electric Corporation

23555 Euclid Avenue Air Arm Division
Cleveland 17, Ohio Friendship International Airport

Titanium Metals Corporation Attn: Mr. F.E. Tighe, Manager
Attn: Mr. W. Minkler Manufacturing Engineering
233 Broadway and Tools

New York 17, New York Baltimore 27, Maryland
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